Introduction
In many developing countries, a large proportion of the money spent on health care comes from the out-of-pocket expenditure of patients or their families. In Bangladesh, India and Nepal, for example, this proportion has been estimated to be 48-69%. 1 Households in such countries can experience financial hardship and often impoverishment as a result of their spending on health care. [2] [3] [4] [5] In the long term, financial protection against the risk of catastrophic health expenditure at household level can be achieved through tax-based health financing systems or social health insurance schemes -or a combination of both. 6 In developing countries that have inadequate public funds for health, some transitional measures such as voluntary community-based health insurance schemes may be introduced. 7 Low-income countries are increasingly either implementing essential health packages for disease treatment free of charge or providing patients -or their families -with conditional cash transfers for selected health services. Such interventions may often use up a large share of a country's public health subsidies. 8 Nepal is a low-income country. In 2011its gross domestic product was 620 United States dollars (US$) per capita. 9 Since 2006, certain health care services -including the drugs on a national essential drugs list -have been available free of charge at publicly funded district hospitals, health posts, sub-health posts and primary health-care centres. 10 A Safe Delivery Incentive Programme was implemented throughout Nepal in 2005. This programme has provided pregnant women with cash incentives to encourage institutional delivery and, since 2009, it has also made deliveries free of charge at government facilities and some private facilities. 11 The Nepalese government subsidizes the treatment of cancers, heart disease, kidney disease and other severe diseases up to a maximum of 50 000 Nepali rupees per patient -just over US$ 500 at the mean exchange rate for 2014. 10 Although voluntary community-based health insurance schemes are being piloted in six districts of Nepal, their coverage remains sporadic and there is no other publicly-run health insurance scheme in the country. 10 Despite the treatment subsidies and pilot insurance schemes in Nepal, the incidence and main causes of catastrophic household expenditure on health have not been investigated in detail in the country. It remains unclear if the existing public subsidies that target specific diseases are providing reasonable financial protection to the general population. There have only been a few attempts to determine the effect of disease-specific medical costs on household economic status in southern Asia 5, 12, 13 or to determine which illnesses have the most impact on household expenditure. [14] [15] [16] [17] We therefore estimated the incidence of -and determined the illnesses that were most commonly associated with -catastrophic household expenditure on health in an urban area of Nepal.
Methods

Study design
We used a multivariate Poisson regression model to analyse self-reported data -on illness and financial expenditure in the previous 30 days -that we collected in a population-based Objective To determine the incidence of -and illnesses commonly associated with -catastrophic household expenditure on health in Nepal. Methods We did a cross-sectional population-based survey in five municipalities of Kathmandu Valley between November 2011 and January 2012. For each household surveyed, out-of-pocket spending on health in the previous 30 days that exceeded 10% of the household's total expenditure over the same period was considered to be catastrophic. We estimated the incidence and intensity of catastrophic health expenditure. We identified the illnesses most commonly associated with such expenditure using a Poisson regression model and assessed the distribution of expenditure by economic quintile of households using the concentration index. Findings Overall, 284 of the 1997 households studied in Kathmandu, i.e. 13.8% after adjustment by sampling weight, reported catastrophic health expenditure in the 30 days before the survey. After adjusting for confounders, this expenditure was found to be associated with injuries, particularly those resulting from road traffic accidents. Catastrophic expenditure by households in the poorest quintile were associated with at least one episode of diabetes, asthma or heart disease. Conclusion In an urban area of Nepal, catastrophic household expenditure on health was mostly associated with injuries and noncommunicable diseases such as diabetes and asthma. Throughout Nepal, interventions for the control and management of noncommunicable diseases and the prevention of road traffic accidents should be promoted. A phased introduction of health insurance should also reduce the incidence of catastrophic household expenditure.
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cross-sectional household survey in Kathmandu Valley. The survey covered all five municipalities in Kathmandu Valley: Bhaktapur, Kathmandu, Kirtipur, Lalitpur and Madhyapur-Thimi. We used data from the 2011 national census as the sampling frame and the corresponding census enumeration areas as the primary sampling units. We aimed to sample a total of 2000 households -by multi-stage cluster sampling -between November 2011 and January 2012. We based our choice of sample size on a cluster sampling method, the precision of the estimates required for the study 18 and an estimate of the prevalence of hypertension in the study area (8%) -assuming that hypertension in those over 20 years of age may represent a major economic burden within the study households. 19 For the first stage of the sampling, 100 enumeration areas were selected, using systematic sampling with probability proportional to the number of households in each area. For the second stage, a cluster of 20 dwellings was selected in each selected enumeration area. If a selected dwelling contained more than one household, one household in that dwelling was randomly selected. We considered an eligible respondent to be the household head or the most knowledgeable adult in a selected household. To collect data, we used a standardized questionnairepre-tested in 100 households in the city of Lalitpur -that included questions on household demographics, education, expenditure and durable goods, self-reported episodes of disease, care-seeking behaviour, total health-related expenditures and inpatient health expenditures, and the coping strategies that household members followed to finance health care (Appendix A; available at http:// www.ghp.m.u-tokyo.ac.jp/wp-content/ uploads/2014/07/Appendix-A.pdf).
We recorded morbidities that had reportedly occurred in the 30 days before the survey and any chronic conditions that had reportedly continued for more than 3 months in the 12 months before the survey. Each reported illness that had been diagnosed by an allopathic or ayurvedic doctor and the symptoms of any undiagnosed illness were coded according to a disease list that we based on the results of previous studies 12, 20 and a focus group discussion conducted with health workers in Kathmandu (Appendix A). Whenever possible, interviewers cross-validated a reported diagnosis with the corresponding outpatient card or hospital discharge report. To assess the differences of disease occurrence across economic quintiles we conducted χ 2 tests.
Expenditure
The out-of-pocket expenditure on health of each study household -over the 30 days before the survey -was estimated by asking the respondents how much their households had spent, separately, on consultation or diagnosis fees, drugs, other medical supplies and hospitalization costs. The interviewers also posed separate questions on the costs of traditional healers, homeopathic treatments, ayurvedic treatments and home remedies. We also asked each respondent to give a single aggregated estimate of their household's total expenditure on health in the previous 30 days to see ifas in previous studies 21, 22 -this estimate fell substantially below the sum of the respondent's corresponding separate estimates of expenditure on several aspects of health care -i.e. the disaggregated estimate. We used Wilcoxon rank sum test to compare the respondents' aggregated and disaggregated estimates. Total household expenditure was estimated from the reported consumption, in the 30 days before the survey, of purchased and home-produced goods, including foods, non-foods, housing and durable goods. This estimated expenditure and an adult-equivalent score -based on the number and ages of the members of the household -for each household were then used to identify the economic quintile to which each study household belonged. 23 Quintiles 1 and 5 represented the poorest and wealthiest households, respectively.
Comorbidity costs
Some of our study subjects had experienced concurrent episodes of two or more illnesses that were treated concurrently. Such subjects were generally only able to report the total costs of health care for the comorbidities. In these circumstances, we used a regression-based approach -similar to that used by Trogdon et al. 24 -to allocate a proportion of the jointly reported costs to each illness. More details of such cost allocation are available in Appendix A.
Catastrophic health expenditure
If, in the 30 days before the survey, a study household had spent more than 10% of its total expenditure on health care, that household was considered to have experienced catastrophic health expenditure in that period. 2, 4 For the study households in general and for each economic quintile of the study households, we assessed the impact on household economic welfare of out-ofpocket spending on each of the 10 types of illness that were most commonly reported. We used the concentration index 25 to see if the percentage of households that experienced catastrophic health expenditure was unequally distributed across the five economic quintiles. Concentration indexes with 95% confidence intervals (CI) and their associated P-values were calculated using bootstrapping with 100 iterations and the delta method. [26] [27] [28] The concentration index can range between −1 and +1. In our study, indexes well below and well above zero would indicate that catastrophic expenditure is concentrated among the relatively poor and relatively wealthy households, respectively. We measured the intensity of expenditure burden using catastrophic overshoot, i.e. the average of payments surpassing the catastrophic threshold across all households, expressed as the proportion of additional payments above 10% of the total household consumption and averaged by the total number of households. A concentration index significantly below zero indicates a greater overshoot among the poor. We also report the mean positive overshoot, i.e. the share of additional payments above 10% of the total household consumption, averaged by the number of households with catastrophic expenditure.
Analysis of risk factors
We used a Poisson regression model to predict the incidence of catastrophic health expenditure among households affected by a particular illness. We stratified the model by household economic quintile to assess the relative risk -of catastrophic household expenditureposed by each of the commonly reported illnesses in each quintile. The variables included in the model were: whether there was a history of hospitalization in the previous 30 days; the number of people in the household; whether the household had used a health-care provider in the previous 30 days and, if so, whether the provider or providers used by the household in the previous 30 days were public, private or both public and private; the age of the household head; whether the household head had primary or lower, secondary or higher education; the number of children aged less than five years in the household; the number of people aged over 65 years in the household; and whether, in the previous 30 days, a household member had reportedly suffered more than one episode of the 10 most commonly reported illnesses. We adjusted all analyses for the sampling structure of the survey. The results are reported as rate ratio (RR) and 95% CI. All the analyses were performed using Stata version 12.1 (StataCorp. LP, College Station, United States of America).
Ethical approval
Ethical approval was given by the Ethics Committee of the University of Tokyo and -under registration number 49/2011 -by the Nepal Health Research Council. Written informed consent was obtained from the participating respondents before they were interviewed.
Results
Morbidity, provider choices and costs
Some details of the study households are shown in Table 1 . As no consenting respondents could be found in three households, data were collected from 1997 (99.8%) of the 2000 selected households. The 10 illnesses that were most commonly reported as occurring among members of the study households -in the 30 days before interview -are shown in Table 2 . Cases of common cold and concurrent cough and fever were grouped as cold/cough/fever, since many household members reportedly suffered these complaints simultaneously. Hypertension among household members aged more than 20 years appeared to be positively correlated with household expenditure (Table 2 ). In the 30 days before interview, members of the study households who needed health care had mostly used just private providers or a combination of private providers with other types of facilities (Appendix A). When comparing the respondents' aggregated and disaggregated estimates of their households' out-of-pocket spending on health using a nonparametric test, we found little difference between the two types of estimate (z = 0.102, P = 0.92).The disaggregated estimates 
indicated that households in the richest economic quintile spent a considerably smaller share of their total expenditure on health (6.9%) than the other households (range: 8.3% in quintile 3 to 14.8% in quintile 2; Table 3 ).
Catastrophic health spending
Incidence and intensity
According to the respondents, 13.8% of the study households had experienced catastrophic expenditure on health in the 30 days before interview (Table 4) . Such expenditure was most frequently associated with episodes of hypertension, followed -in descending order of frequency -by cold/cough/fever, diabetes and asthma (Table 4) . Catastrophic expenditure associated with certain illnesses -such as migraine/headache (concentration index: −0.879; P < 0.001) -appeared to be concentrated among the relatively poor households. When we investigated the level by which outof-pocket treatment costs for each of the commonly reported illnesses exceeded the threshold for catastrophic expenditure, we found that the treatment costs for cold/cough/fever (concentration index: −0.392; P < 0.001) and migraine/ headache (concentration index: −0.901; P < 0.001) appeared to exceed those that the poorer households could bear (Table 5 ).
Determinants
The risk of catastrophic spending on health -in the 30 days before interview - The mean value by which household out-of-pocket expenditure on the illness -as a percentage of total household expenditure -exceeded the 10% threshold used to define catastrophic household expenditure. b The mean level by which out-of-pocket expenditure on the illness, by a household reporting catastrophic health expenditure, exceeded the 10% threshold used to define catastrophic household expenditure. c Adjusted for sampling weight.
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varied by the type of illness that affected the household and the economic quintile to which the household belonged ( (Table 5) .
Discussion
This study provides evidence relating illnesses to catastrophic out-of-pocket expenditure on health care. More than one in every seven of the households that we investigated in urban areas of Kathmandu Valley reported catastrophic expenditure on health in the previous 30 days. In an earlier nationwide study, using the same definition, the corresponding proportion was only 5.9%. 4 However, our study focused on urban areas of Nepal, where health facilities are used more frequently than in rural areas.
After adjusting for confounders, we found that major noncommunicable diseases -such as diabetes, asthma and heart disease -were often associated with catastrophic spending in the poorest households. We also found that injury significantly increased the risk of catastrophic expenditure, irrespective of the household's economic status. A strong relationship between catastrophic expenditure and diabetes was also reported in a review of data from 35 low-and middle-income countries. 14 In a study in Viet Nam, the households of 27.5% of inpatients receiving treatment for injury had been faced with catastrophic expenditure. 29 In Nepal there is scope for reducing the economic burden caused by noncommunicable diseases such as diabetes and heart disease. The control and management of the associated risk factors need to be improved, to prevent the onset of the diseases and any further complications. The Islamic Republic of Iran has successfully employed programmes of primary health care, targeted training of health workers and clear guidelines to improve diabetes screening and diagnosis at an early stage. 30 The regulation of tobacco and alcohol can also reduce the risks of several noncommunicable diseases. The government of Nepal banned tobacco and alcohol advertisements in 1996 and has taxed tobacco and alcohol products for many years. The raising of tobacco prices has been found to be an effective way of reducing tobacco consumption, especially among manual labourers and other low-income groups. 31 Such interventions can reduce the incidence of some noncommunicable diseases. 32 It was not surprising to see injuries among the major causes of catastrophic household expenditure in Kathmandu Valley. Although drink-driving is banned in Nepal and the traffic police conduct regular breath tests among drivers in cities, road traffic accidents remain a major cause of injuries requiring treatment in Nepal -as in south-eastern Asia. 33 In the absence of any general health insurance scheme, serious injury is likely to be associated with unexpected and large household expenditures. The government of Nepal should consider intensifying programmes for the prevention of traffic accidents and injuries in urban municipalities, through road and workplace safety measures such as speed limits and traffic signals. 34 As a policy priority -for the prevention of health-care-related financial catastrophe in the urban households of Nepal -some form of broad-based risk pooling needs to be encouraged. 6, 35, 36 The introduction of such a financial protection mechanism may be challenging in Nepal, and with limited fiscal space, a rapid increase in Nepal's national health expenditure seems unlikely, at least in the short-term. 37 However, a phased introduction of health insurance or other forms of financial protection may be feasible. 7, 38 This study has several limitations. First, it was conducted between November 2011 and January 2012 -i.e. in mid-winter. The timing of the survey may well have influenced the recorded prevalence of communicable diseases such as colds, which tend to be more common in winter than in summer. However, in a national survey that took place in 2010-2011 -the Nepal Living 
Research
Standard Survey -cold/cough/fever was found to be the most prevalent illness throughout the year. 39 Other studies have also reported a fairly consistent prevalence of diabetes and hypertension in urban Nepal. 40, 41 The second limitation is that our results are based on self-reported health spending. We assumed that poor households might use coping strategies to minimize their expenditure on health care -e.g. avoiding consultations with physicians, skipping dosages or selecting cheaper medicines. In the treatment of chronic illnesses, non-adherence to prescribed medications is common. 42, 43 Although respondents were asked whether, to minimize costs, they had ever skipped a dosage, delayed seeking new supplies of medicines or reduced doses, we were not able to quantify how much the respondents may have saved from such cost aversion. Therefore, although, for each of the commonly reported illnesses, we estimated the treatment costs paid by an affected household, these estimates may have been smaller than the full costs of a standard regimen of treatment.
Despite its limitations, this population-based study demonstrates associations between injury and several major diseases and the incidence of catastrophic household expenditure on health care. By identifying the economic burden posed by each type of common illness, it should be possible to prioritize health interventions that are most likely to protect households from impoverishment -even in resource-limited settings.
In Nepal, there is an urgent need to initiate programmes for the control and management of the diseases associated with catastrophic household spending and the prevention of road traffic and other injuries. A phased introduction of health insurance, initially designed to cover or subsidize the costs of care for diabetes and heart disease, should be considered in Nepal. 
Resumen
Incidencia del gasto catastrófico por motivos de salud y enfermedades asociadas con el mismo en los hogares en Nepal: un estudio transversal
Objetivo Determinar la incidencia del gasto catastrófico por motivos de salud de los hogares y las enfermedades generalmente asociadas con dichos gastos en Nepal. Métodos Se llevó a cabo una encuesta transversal de la población en cinco municipios del Valle de Katmandú entre noviembre de 2011 y enero de 2012. Para cada hogar encuestado, se consideró catastrófico cualquier gasto de desembolso directo por motivos de salud en los últimos 30 días que hubiera excedido el 10 % del gasto total del hogar durante el mismo periodo. Se estimó la incidencia y el grado de los gastos catastróficos por motivos de salud. Se identificaron las enfermedades asociadas con mayor frecuencia con dichos gastos mediante un modelo de regresión de Poisson y se evaluó la distribución del gasto por quintil económico de los hogares mediante el índice de concentración. Resultados En total, se descbrió que 284 de los 1997 hogares estudiados en Katmandú, es decir, un 13,8 % tras el ajuste mediante el muestreo de peso, tuvieron que hacer frente a gastos catastróficos por motivos de salud en los 30 días anteriores a la encuesta. Después del ajuste por factores de confusión, se halló que dicho gasto estaba asociado a lesiones, sobre todo aquellas derivadas de accidentes de tráfico y, en los hogares pertenecientes al quintil más pobre, con al menos un episodio de diabetes, asma o enfermedades cardíacas. Conclusión En un área urbana de Nepal, el gasto catastrófico de los hogares por motivos de salud estuvo en su mayoría asociado a lesiones y a enfermedades no transmisibles como la diabetes y el asma. Es necesario fomentar las intervenciones para el control y el manejo de las enfermedades no transmisibles, así como la prevención de los accidentes de tráfico en todo Nepal. La introducción gradual de un seguro médico también podría reducir la incidencia de los gastos catastróficos de los hogares.
